WNi documenet iosumbject to speoi pl export controls and each transmittal to foreign government tirJr.J~ mtjnals may be 3. . onlY wi~th prior approval ufz 401w oeo-o*ol. This work was sponsored by the National Aeronautics and Space Administration through an interagency agreement with the Department of the Army. ABSTRACT Four types of hydrosol filters, two reusable (diatomaceous cylinder and fritted glass funnel) and two disposable (asbestos pad and membrane filter), were challenged with a heavy Serratia marcescens suspension to assess their ability to produce sterile filtrates. Two of the four diatomnaceous earth filters, the four fritted glass funnels, and all the asbestos pads tested generally gave sterile filtrates.
However, only one type of filter, one of the membranes in its manufacturer's own holder, consistently gave sterile filtrates. The two other types of membranes usually gave sterile filtrates if tested in one manufacturer's holder but all types invariably gave contaminated filtrates when tested in another manufacturer's holder. Contaminated riltrates were generally attributed to a poor reusable filter or to a faulty holder used with a disposable filter. If a high degree of certainty is required for sterile heat-labile filtrate, it is suggested that the liquid be passed through two or more filters in a previously tested and proved system.
___-"-1. * UIRODUCTIOZ Thil study was performed under an interagency agreement with the National Aeronautics and Space Administration to determine if filtration of liquid suspensions is a sufficiently dependable sterilization technique to meet the restrictions of current international agreements.
These agreements, promulgated uLier the auspices of the International Committee on Space Research, set aceptable sterilization standards for spacecraft that might intercept Mars or other planets.
The standards recognize that sterilization is an absolute term and that one can never be certain of its accomplishment. The goals are therefire expressed in terms of probabilities.
The current agreementl requires that no spacecraft be launched unless the nation responsible can guarante. that the probability of its placing a viable microorganism on the surfaie of Mars is less than 1 x 10-4.
It is currently planned to use dry heat to sterilize the assembled spacecraft.
However, certain exobiological experiments now in the planning stage will utilize heat-labile biclogical fluids that will require sterilization by some other manner Lefore they are added to the spacecraft that has been heat-treated. The most common laboratory method for sterilizing such liquids is filtration. The question then arises whether this technique would require a prohibitive amount of pretesting to demonstrate that the probability of sterility of the biological fluid finally used in the experiment meets the prescribed sLandards.
It is assumed that an investigator would carefully select the type of equipment best adapted to the biological fluid needed for his experiment and that the setup would be pretested to permit calculating the probability of sterility of the final product. This paper attempts to show how such a determination could be made after only a limited amount of pretesting.
Four of the most common types of equipment used for filtration sterilization were given a predetermined number of tests, and the data were then examined for statistical reliability. It should be emphasized that the aim of the experiment was not to determine the reliability of any particular manufacturer's product.
It was merely to show, hopefully, that with careful selection of equipment and a limited amount of pretesting filtration could be utilized as a sterilization technique when, because of the sensitivity of the product, this was the preferred method.
Surprisi'ngly, there is little in the literature about the prob&bility that these filters will give a bacteria-free filtrate. Indeed, much of the published work is concerned with differential filtration to separate bacteria from viruses or bacteriophage. [2] [3] [4] For a discussion of various precautions, the effect of such factors as the type and pH of the fluid and the porosity and electrical charge or adsorption of the filters, see Sykess or Morton. 6 The literature gives the general impression that failures of filters to give bacteria-free filtrates are by no means uncommon.
4
The types of hydrosol filters used in these tests were the diatomaceous cyl.uder, fritted glass funnel, asbestos pad, and the membrane filter. For eacb test, two 25-mi samples of a heavy bacterial suspension were passed through the filters. One whole filtrate was tested for the presence of microorganisms by adding it to broth to give a qualitative plus or minus result.
The second filtrate was tested by plating the entire 25 ml in a large petri dish with nutrient agar for a quantitative colony count. A heavy bacterial suspension was used to challenge each filter in order to obtain significant penetration data.
II. MATERIALS QM HETODS

A. HYDROSOL FILTRATION UWITS
For this comparative study all equipment and supplies were new and were used as they came from the manufacturers.
Two of the hydrosol filters, the diatomaceous cylinder and the fritted glass funnel, are designed for reuse, but before each test they must be cleaned and sterilized.
The other two, asbestos pads and membrane filters, are discarded after one use, but the holders are reusable.
The manufacturers' brief descriptions of the filtration units shown from left to right in Figure 1 are given below: 1) Diatomaceous cylinder (diameter 5/8 inches and length 2j inches) with a normal or medium pcrosity connected to a matching glass mantle by washers and a lock nut.
2) BUchner glass funnel with a fritted disc (60-ml capacity) of ultrafine porosity (about 1.2 p).
3) Asbestos filter (35-am diameter) with a very fine porosity fitted in a gravity or vacuum silver-plated bronze holder with a center nut (30-ml capacity). 4) Membrane filter (47-mu diameter) with a porosity of about 0.2 g (obtained from three manufacturers) used in each of two glass holders (300-ml capacity).
Manufacturer A holder: a glass funnel and a base with a coarse fritted glass support held together with an anodized aluminum spring-action clamp.
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The manufacturers' descriptions of some filters omit specific pore size.
Because of irregularities in pore structure, it is impossible to determine true pore size.
Each filtration unit was attached by a rubber stopper to the barrel of a 20-ml syringe fastened to a 20-gauge needle (Fig. 2) .
The entire assembly was wrapped in paper, sterilized by exposure to ethylene oxide gas for 24 hours, and allowed to stand for a minimum of 2 days before use (to lose any absorbed ethylene oxide).
In this way there was no requirement for assembling separate sterile items Just before filtration, thus avoiding chances of inadvertent contamination. Table I lists the number and types of filters tested, the total number of times each was used, the number of holders tested, and the number of times each holder was used.
B. TEST DESIGN
Each run consisted of testing, in a random order, 12 filtration units; this included two diatomaceous cyl ',ders, two fritted glass funnels, two asbestos pads, and two each of membranes A, B, and C. Thus, 24 runs were required for the total 288 tests conducted. For each of these runs a new bacterial suspension was employed.
C. TEST PROCEDURE
The bacterial suspension used for each run was prepared by adding Serratia marcescens cells washed from a 24-hour agar culture slant to about 750 ml of tap water previously boiled to remove the chlorine.
The viable count did not change appreciably when the test organism was suspended in boiled tap water for the 3-hour test period, but there was a 5-log decrease in count in distilled water. Each filtration unit was mounted in an upright position (Fig. 2) .
Two 25-ml samples of bacterial suspension, each containing about 10 million cells, were filtered into separate sterile rubber-stoppered bottles by reducing the pressure to approximately 10 cm mercury through a 20-gauge needle inserted into each bottle before it was sterilized. One bottle containing 25 ml of double-strength trypticase soy broth without dextrose was used to test the filtrate qualitatively for bacterial growth. The other bottle was empty and was used to collect 25 ml of filtrate for quantitative viable count. A random order was used to determine which sample would be cultured in broth and which would be assayed in agar. F~~a 00
E-44
06 38
000 0 ftdo .
41-
8
For the quantitative assay, the entire 25 ml of filtrate was removed from the bottle with a needle and syringe and placed in a large petri dish. A pour plate was prepared with trypticase soy agar. All plates were incubated at 32 C for 24 to 72 hours before counting colonies. The number of colonies per plate and the degree of coalescence determined the incubation period. The filtrate in the broth was incubated at 32 C for 7 days before checking for bacterial growth.
Control counts were also done on each bacterial suspension both before the filtrations began and again after their completion.
III. RESULTS AND DISCUSSION
The results of this study are shown in Tables 2 through 7 . Raw data are presented rather than means so that the peculiarities that occurred can be clearly shown. It is readily apparent that all four types of hydrosol filters could and did produce sterile filtrates.
However, contaminated filtrates were also obtained with each type of filter unit with the exception of membrane A used in the four holders from Manufacturer A ( Table 5 ).
The efficiency of the four diatomaceous cylinderstested varied greatly ( Table 2) .
Most of the filtrates were contaminated when filter I or 4 was used, but with filters 2 or 3, sterile filtrates were obtained in all but two instances.
Here is clear evidence that it can not be assumed that equipment as received will perform satisfactorily.
The results with fritted glass (Table 3 ) and the asbcstos pads (Table 4) .ce generally excellent.
Bacterial growth occurred only seven times. Four times, however, the organism was not S. marcescens.
This occurred twice in the first four filtrations with asbestos pad holder 1. Because of the exceptionally long filtration time, this holder was examined and found to have a minute hole that allowed air to enter behind the asbestos pad itself. The filtrate thus could become recontaminated with an airborne organism or organisms after filtration. No such contamination occurred after the hole was repaired between the fourth and fifth filtration. No obvious flaw was evident with the two fritted glass funnels where this same phenomenon occurred, nor on the one occasion when this showed up with one of the membrane filter combinations (Table 6 ).
Extreme care was taken when designing and conducting these tests to use aseptic techniques so that outside contamination would not occur.
Even so, in these few instances an unexplained contaminant appeared.
It is suspected chat these contaminations, too, occurred after filtration, possibly because of faulty equipment, an air leak in the system, or even a break in the aseptic technique. 
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With the membrane filter, the holder appeared to be at least as critical as the filters (Tables 5, 6 and 7) .
All three types of membrane filters performed well in the four holders obtained from Manufacturer A; all three performed poorly at first in the four holders from Manufacturer B, but the performance improved when three binder clips were used in addition to the clips attached to the base of the holder.
In the latter holder, membrane A appeared to be better than membrane B, which in turn was better than membrane C. The same distinction among membranes from different manufacturers is harder to make in the better holders.
Manufacturer B's membranes in Manufacturer A's holders performed almost as well as Manufacturer A's membranes in Manufacturer A's holders, and were less efficient only in their own holders.
Most of the time the results obtained for each two 25-ml samples of filtrate were comparable whether assayed by pour plate method or cultured in broth. They were both negative in 197 tests, both positive in 69. This is to be expected because a whole 25-ml sample was used for the pour plate as well as for the broth culture, and the sensitivity of the two methods should be comparable.
In the six instances in which there were contaminated broth samples but sterile pour plates, growth in the broth presumably was caused by the presence of only a few microorganisms, none of which showed up by chance alone in the pour plate. This explanation is also valia for the times when only a few S. marcescens colonies were detected in the pour plate and the comparable broth sample was sterile. The five times that sterile broth samples were obtained but significant counts of 17, 90, or more than 10,000 S. marcescens colonies appeared on the pour plate are much more difficult to explain. In each of these five puzzling instances, however, the second filtrate, by chance, was the one used for the agar plates.
The chance of microorganisms slowly working their way through a filter, as more and more contaminated fluid is filtered, was mentioned briefly by both Mortons and Sykes 5 and may be the answer here. In reality, 50 ml is probably considerably more than will be used in a spacecraft experiment. 
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Another general observation is that contamination, when it occurred, was generally low except in a few instances where more than 10,000 colonies were found; most of these were with membrane C used in Manufacturer B's holder (Table 7) . Although the numbers may appear high, the challenge was approximately 1 x 107 organisms.
The measurable leakages were all under 0.01% and most were far lower.
The data also indicated that sterile filtrates could consistently be obtained with all four types of filters in certain instances.
It should be remembered that in these tests the filters were challenged with very large numbers of microorganisms; the fluids actually used in space tests will probably contain only a few if any microorganisms before filtration.
There is no clear-cut evidence from the data that any one of these filtration techniques is much more efficient than the others. Each system gave some sterile filtrates and, with each, there was failure to sterilize. Thus, when choosing the filter, holder, and auxiliary apparatus, one can take into consideration other factors such as the rate of filtration and the characteristics of the biological fluid to be filtered.
Some types of filters shown to be satisfactory for an aqueous bacterial suspension may be rejected because of technical -tfficulties occurring when a specific biological fluid is filtered.
After selecting a technique, the specific items of equipment must be pretested under conditions more stringent than those that will occur in the actual experiment in order to give assurance that the system is satisfactory. The data accumulated on pretested apparatus will thenprovide the basis of determining whether the biological fluid filtered for any critical experiment would meet the established statistical requirements for sterility.
As an example, the raw data given here were examined to determine what expression of confidence could be given for a final sterile filtrate. The analysis shows that the problem requires two separate treatments: one for variation in the same filter used numerous times (the diatomaceous and fritted glass filters), the other for the variation of the same filter holder used numerous times but each time with a different disposable filter but one from the same manufacturer's lot (the asbestos and membrane filters).
In the latter instance the question of variation within lots enters, which could result in a very large number of trials;-bovever, experience indicates that the probability of drawing a poor disposable filter from a good lot is small.
For the better reusable filters, such as the diatomaceous filter 2 or fritted glass funnels 2 and 3, sterile filtrates were obtained in all 12 trials with a test dose of 20,000,000 cells per trial or 240,000,000 in toto. Assuming a large series of trials with 240,000,000 organisms each, with the logical supposition of a Poisson distribution of organisms papsing, it may be shown that a mean (M) of three will occasionally yield a sample result of zero.
Means of four or more will very rarely give zero. This may be shown either by solving the Poisson expression e•m (1, N, M2/2!,:3/3!, etc.)
as described by Fisher 7 or by using published tables. It may thus be inferred that the true mean passing for 240,000,000 cells was not over three; this may be taken as a tentative maximum.
Some of the other good filters vith very small numbers passing fall cl se to this estimate. With 80 organisms in the material to be filtered and a maximum of cne chance in 80,000,000 organisms passing, this indicates one chance in 1,000,000 of any passing. For the selected reusable filters, a reasonable statistical assurance of sterility can be given based only upon the assumption that microorganisms are filtered out in the same ratio in low-as in high-titer suspensions, and that the filter was not mechanically or otherwise damaged between its last test and the time it was put to actual use.
The same type of calculation applies for the pretested holder with a disposable filter from a lot shown to contain good filters, but an additional assumption must be made that the lot will not contain any defective filters. Considerably more testing will be required to provide assurance that a disposable filter selected from a lot previously shown to be highly efficient will itself be as efficient as the others.
Confidence can be increased if two or more filters are used in succession. If, for example, there is one chance in 1,000 of getting a defective filter out of any lot, there will be one chance in a million of getting two defective ones in succession, and one chance in a billion of three defective ones in succession.
Because double filtration presents no great experimental problem, it can be recommended that for critical exobiological experiments, where it is highly important that the liquid biological detection medium be sterile, a tested and proved system be preselected utilizing two or more filtrations. In such an experimental setup, a sufficiently high probability of sterility should be apparent to meet the restraints of this international agreement, without requiring a prohibitive number of pretests. 
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